Total Abstract: Construction Manager/General Contractor (CM/GC) is an alternative project delivery method that is fast 3 becoming more prevalent to accelerate the delivery of highway projects. The FHWA's Every Day Counts program is 4 encouraging state departments of transportation (DOT) to adopt CM/GC as a tool to deliver badly needed rapid 5 renewal projects. As part of the program, a CM/GC Peer Exchange conference was held in June 2011 in Salt Lake 6
City. This paper synthesizes the tools used in implementing CM/GC project delivery that were reported in those 7 conference presentations by DOTs with CM/GC experience. It compares that information with similar information 8 found in the literature to document the current state-of-the-practice in CM/GC highway project delivery. The paper 9
concludes that jointly managing risk and developing a collaborative business climate are the two most important 10 aspects of successful CM/GC project delivery. 11 12
Construction Manager/General Contractor (CM/GC) is an alternative delivery method for transportation projects in 14 which the owner engages a design professional and a CM/GC under separate contracts. The CM/GC contract is 15 awarded during the design phase and provides preconstruction services such as estimating, scheduling and 16 constructability reviews. Once the design has been advanced to a point where a guaranteed maximum price (GMP)  17 can be established, the CM/GC assumes the role of the general contractor and completes the construction (1).
18
Typically this method requires the CM/GC to self-perform a predetermined percent of the project (2) and the 19 CM/GC is at-risk for costs per the GMP. The CM/GC method is typically implemented via two separate contracts, 20 one for preconstruction services and the other for construction (1 This list of effective practices was compiled based on information gained through case studies, surveys, a 22 content analysis of CM/GC solicitation documents and structured interviews with suitable agencies. These effective 23 practices are next compared to the effective tools described in the CM/GC Peer Exchange later in this report. 24 25
KEYS TO SUCCESS FOR THE CM/GC PROJECT DELIVERY METHOD 26
A content analysis of the presentation transcripts from the CM/GC Peer Exchange was conducted in order to find 27 keys to success for implementing the CM/GC method. This type of analysis can be used to develop "valid inferences 28 from a message, written or visual, using a set of procedures" (4). The primary approach is to develop a set of 29 standard categories into which words that appear in the text of a written document, in this case a DB RFP, can be 30 placed and then the method utilizes the frequency of their appearance as a means to infer the content of the 31 document(5). Thus, in this study, the content analysis consisted of two stages. First, all instances of each word were 32 found in each presentation and the context was recorded. Secondly, that context was used to determine, if possible, 33 the relative success of each practice. This allowed an inference to be made regarding the effectiveness of each 34 tool/practice on the presenter's CM/GC projects. When the results are accumulated for the entire population, trends 35 can be identified and reported. 36
Eight agencies were represented in the presentations. Of these, three state DOTs and one Construction 37
Company were found to include CM/GC keys to success. These keys were suggested based on past CM/GC 38 experience and highlight aspects to focus on during a CM/GC project. Measuring and Recording Success. These tools have each been used by an agency for a CM/GC project in the past 10 and have proven to be effective practices for the delivery method. Table 2 shows the project phase to which each 11 tool relates. 12 13 When the CM/GC is ready to establish the GMP, the three estimates are compared. The CM/GC is then told whether 22
or not their estimate is within 10% of the average of the three estimates. If the CM/GC's estimate is within the 10% 23 range, the project may be awarded. However, if the CM/GC's estimate does not fall within the 10% range, the 24 CM/GC, the Designer and ICE meet to discuss the reasons for the differences in estimates. This discussion is not to 25 negotiate price, but rather to compare the assumptions affecting the price and to establish a common understanding 26 of the bid items (2) . Often the price differences are found to be due to differences applied or perceived risk. It can be seen that both Arizona DOT and the City of Phoenix Street Transportation Department exclude 19 criteria related to pricing when evaluating CM/GC firms. Historically, in early projects Utah DOT also excluded 20 pricing criteria from the selection process. However, pricing criteria was added at the request of the construction 21 industry in order to prevent the process from becoming a 'beauty contest' (2) . In their experience with CM/GC 22 projects, Utah DOT has found that pricing criteria is becoming more important as contractors are becoming more 23 skilled at writing proposals (6). 24
Furthermore, Utah DOT recommends that evaluation of Request for Proposals includes a 30% experience 25 portion and a 70% portion for price and approach to price. The experience portion comprises a 25% technical 26 element including consideration of the team capability and project approach, and a 5% interview element. Similarly, 27 the price portion consists of a 30% price element and a 40% approach to price element including open book price 28 details and risk consideration (6) . In performing such evaluations, the Utah DOT are applying a "1/3 Rule" for both 29 price and technical factors. This rule says that in order to avoid awarding the contract to a contractor whose bid is 30 more than 10% over the low bidder then the qualification component of the evaluation should not be more than 31 30%. This method is the result of some evolution in which a variety of scoring criteria and weightings were tried. 32
Utah DOT would now admit that there is not one best portion combination, but rather each project should be 33 considered individually to arrive at the best method specific to the project. 34
The fourth system is used by Oregon DOT and involves calculating the best value proposal based on 35 equations for both Project Proposal Factor (PF1) and Price Proposal Factor (PF2) (9). This system assigns a weight 36 of 85% to the Project Proposal and 15% to the Price Proposal. The Total Score of a proposal is calculated using 1 Equation 1.  2  3 Total Score = (Project Proposal Weight x PF1) + (Price Proposal Weight x PF2) (1) 4 5
Similarly, the values for PF1 and PF2 for each proposal are calculated using equations (2) and (3) 6 respectively. 7 8 PF1 = Proposer's Project Proposal Score (2) 9
Highest Project Proposal Score 10 11 PF2 = Lowest CM/GC Fee Percentage (3) 12
Proposer's CM/GC Fee Percentage 13 14
Iterative Pricing 15
Iterative pricing is an effective tool used by Utah DOT in order to obtain cost estimate comparisons at regular 16 intervals (2, 6 ). An Opinion of Probable Cost of Construction (OPCC) is determined through analysis of the project 17 cost and risks. As each estimate is determined, project risks are both realized and resolved. Each of the effective tools identified at the CM/GC Peer Exchange supports one or more of the keys to success 22
given in the presentations. Table 5 is a matrix that shows the interrelationships between the two. It is clear from 23 Table 5 that managing risk is a common key to success that is achieved by the implementation of most of the 24 effective tools. This is desirable because risk discussions are critical to the success of the CM/GC delivery method 25 and to project pricing (2) . One of the primary goals of the CM/GC delivery method is to minimize risk wherever 26 possible and to determine where it should be allocated. The elimination and mitigation of risk is critical to ensuring 27 that a good project price is achieved. The remainder of the tools generally relate to the quality of the business 28 relationships established inside the CM/GC contract between the various stakeholders. Having common goals and 29 objectives that are set and maintained via information-rich communications that take place in a routine manner in 30 regular meetings appears to be critical to the successful delivery of a CM/GC project. 31 32 
